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Description 

This invention relates to Bacillus strains. We describe below such strains useful tor the expression and secretion 
of desired polypeptides (as used h rein, •polypeptide' means any useful chain of amino acids, including proteins). 

Bacillus strains have been used as hosts to express heterologous polypeptides from genetically engineered vec- 
tors. The use of a G ram positiv host such as Bacillus avoids some of th problems associated with expressing het- 
rologousgenes in Gram negative organisms such as E. coli. For example, Gram negative organisms produce ndo- 
loxins which may be difficult to separate from a desired product. Furthermore, Gram negative organisms such as E. 
ccji are not easily adapted for the secretion of foreign products, and the recovery of products sequestered within the 
cells is time-consuming, tedious, and potentially problematic. In addition, Bacillus strains are non-pathogenic and are 
capable of secreting proteins by well-characterized mechanisms. 

A general problem in using Bacillus host strains in expression systems is that they produce large amounts of 
proteases which can degrade heterologous polypeptides before they can be recovered from the culture media. The 
proteases which are responsible for the majority of this proteolytic activity are produced at the end of the exponential 
phase of growth, under conditions of nutrient deprivation, as the cells prepare for speculation. The two major extracel- 
lular proteases an alkaline serine protease (subtilisin), the product of the ap* gene, and a neutral metalloprctease, the 
product of the ngr gene, are secreted into the medium, whereas the major intracellular serine protease, lsp-1, is pro- 
duced within the cells. Other investigators have created genetically altered Bacillus strains that produce below-normal 
levels of one or more of these three proteases, but these strains still produce high enough levels of protease to cause 
the degradation of heterologous gene products prior to purification. 

Stahl et ai. (J. Bad., 1984, .158:411) disclose a Bacillus protease mutant In which the chromosomal subtilisin 
structural gene was replaced with an in vitro derived deletion mutation. Strains carrying this mutation produced only 
10% of the wild-type extracellular serine protease activity. Yang et al. (J. Bact., 1984, ,160:15) disclose a Bacillus 
protease mutant In which the chromosomal neutral protease gene was replaced with a gene having an in vitro derived 
deletion mutation. Fahnestock et al. (WO 86/01625) describe Bacillus strains lacking subtilisin activity which were 
constructed by replacing the native chromosomal gene sequence with a partially homologous ONA sequence having 
an inactivating segment inserted into it. Kawamura et al. (J. Bact., 1984, 160:442) disclose Bacillus strains carrying 
lesions in the flpj and apj genes and expressing less than 4% of the wild-type level of extracellular protease activity. 
Koide et aL (J. Bact. , 1 986, .167: 1 1 0) disclose the cloning and sequencing of the Jsg-1 gene and the construction of an 
lsp-1 negative mutant by chromosomal integration of an artificially deleted gene. 

Genetically altered strains which are deleted for the extracellular protease genes {agr and jjgr) produce sic/iiffcantly 
lower levels of protease activity than do wild-type Bacillus strains. These bacteria, when grown on medium containing 
a protease substrate, exhtoit little or no proteolytic activiy, as measured by the lack of appearance of a zone of clearing 
(halo) around the colonies. Some heterologous polypeptides and proteins produced from these double mutants are, 
nevertheless, substantially degraded prior to purification, although they are more stable than when produced In a wild- 
type strain of Bacillus . 

The invention provides improved Bacillus cells containing mutations in one or more of three previously uncharac- 
lerized protease genes; the cells also preferably contain mutations in the apr and npr genes that encode the major 
extracellular proteases, resulting in the inhibition by the cells of production of these extracellular proteases. The mu- 
tations of the invention include a mutation in the epj gene which inhibits the production by the cell of the proteolytically 
active egr gene product, anchor a mutation in the gene (herein, the "RP-r gene) encoding residual protease I (RP-i) 
which Inhibits the production by the cell of proteolytically active RP-I, and/or a mutation In the gene (herein, the "RP- 
II 1 gene) encocing residual protease II (RP-II). The proteases encoded by the egr gene and RP-II genes are novel 
proteins. Most preferably, the mutations are deletions within the coding region of the genes, including deletion ol the 
entire coding region; alternatively, a mutation can consist of a substitution of one or more base pairs for naturally 
occuring base pairs, or an insertion within the rotease coding region. 

Bacillus cells In accordance with the invention may additionally contain a mutation in the Jsg-1 gene encodhg 
intracellular serine protease I and may in addition contain a mutation which blocks spoliation and thus reduces the 
cell's capacity to produce sporulation<tependent proteases; preferably, this mutation blocks speculation at an early 
stage but does not eliminate the cell's ability to be transformed by purified ONA; most preferably, this mutation is Ihe 
spoOA mutation (described below). 

The invention provides, in an alternative aspect thereof, a method for producing stable heterologous polypeptides 
in a Bacillus host cell by modifying the host to contain mutations in the apr and npr genes and in one or more of the 
genes including the egr gene, the RP-I gene, and the RP-li gene. 

The invention also features, in respective further aspects thereof, purified ONA, expression vectors containing 
DNA, and host Bacillus ceils transformed with DNA, in each case encoding one of the proteases RP-I, RP-II, or the 
product of the egr gene; preferably, such DNA is derived from Bacillus subtitia . 

Th invention also features, in yet further aspects thereof, the isolation of substantially pure Epr, residual protease 
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was determined for u$e in creating the nucleic acid probes which were used to clone the gene encoding this protease. 
Upon cloning the gene, it was possible to create a Bacillus strain which contains a d letion in the RP-II gene and is 
thus incapable of producing RP-II. 

Detailed procedures tor construction of th protease gene deletions and preparation of Bacillus strains exhibiting 
s reduced protease activity are described below. 

General Methods 

Our methods for the construction of a multiply deleted Bacillus strain are described below Isolation of B. subtilis 
ro chromosomal DNA was as described by Dubnau et ai., (1 971 , J. Mot Biol., 56: 209). B. subtilis strains were grown on 
tryptose blood agar base (Difco Laboratories) or minimal glucose medium and were made competent by the procedure 
of Anagnostopoulos et a!.. (J. Bad, 1961,81; 741). EcoiiJM 107 was grown and made competent by the procedure 
of Hanahan (J. Mol. Biol., 1983, 166: 587). Ptasmtd DNA from B. subtilis and E. coli were prepared by the lysis method 
of Birnboim et al. (Nuct. Acid. Res., 1979, 7: 1513). Plasmtd DNA transformation In B. subtilis was performed as de- 
scribed by Gryczan et al., (J. Bad, 1978, 134: 138). 

Protease assays 

Two different protease substrates, azocoll and casein (Labelled either with 14 C or the chromophore resorufin), 
20 were used for protease assays, with the casein substrate being more sensitive to proteolytic activity Culture superna- 
tant samples were assayed either 2 or 20 hours into stationary phase. Azocoll-based protease assays were performed 
by adding 100 ul of culture supernatant to 900 ul of 50 mM Trie, pH 8, 5 mM CaCfe, and 10 mg of azocoll (Sigma), a 
covalently modified, Insoluble form of the protein collagen which releases a soluble chromophore when proteor/tically 
cleaved. The solutions were incubated at 37°C for 30 minutes with constant shaking. The reactions were then Gentri- 
es f uged to remove the insoluble azocoll and the A520 of the solution determined. Inhibitors were pro-incubated with the 
reaction mix for 5 minutes at 37 D C. Where a very small amount of residual protease activity was to be measured, 14 G- 
casein or resorufin-labelled casein was used as the substrate. In the 14 C-casefn test, cufture supernatant (100 ul) was 
added to 1 00 ul of 50 mM Tris, 5mM CaCI 2 containing 1 X 1 0 s cpm of 14 C-casein (New England Nuclear). The solutions 
were incubated at 37°C fa 30 minutes. The reactions were then placed on ice and 20 ug of BS A were added as carrier 
30 protein. Cold 1 0% TCA (600 ul) was added and the mix was kept on ice for 1 0 minutes. The solutions were centrif uged 
to spin out the precipitated protein and the supematants counted in a scintillation counter. The resorufin-labeQed casein 
assay involved incubation of culture supernatant with an equal volume of resorufin labelled casein in Tris=CI buffer, 
pH 8. 0, at 37*C for various times. Following incubation, unhydrolyzed substrate was precipitated with TCA and the 
resulting chromogenic supernatant was quantitated speclrophotometrically. 

35 

Deletion of the nor gene 

According to Yang et al. (J. Bad, 1984, 160: 15), the jm gene is contained within overlapping EcoRI and Hindlll 
restriction fragments of B. subtilis DNA, and a majority of the gene sequence is located on the 2.4 kb Hindlll fragment. 

40 This fragment was chosen for creation of the ncr deletion. 

An Individual clone containing the 2.4 kb Hindlll fragment was Isolated from a clone bank of genomic Hindlll frag- 
ments prepared as follows. Chromosomal DNA was isolated from B, subtilis strain IS75, digested with Hindlll and size 
fractionated by electrophoresis on a 0.8% agarose gel. DNA in the 2-4 kb size range was eledroeluted from the gel. 
The purified DNA was ligated to Hindlll digested and alkaline phosphatase treated pUC9 DNA (an E. coli replicon 

45 commercially available from Bethesda Research Labs, Rockville, Md), transformed into competent cells of E. coli strain 
JM107, and plated on LB + 50 ug/ml ampicillin resulting in 1000 Amp 0 colonies. 

Colonies containing the cloned neutral protease gene fragment were identified by standard colony hybridization 
methods (Maniatis et al., 1983, "Molecular Cloning, A Laboratory Manual", Cold Spring Harbor, New York). Briefly, 
transformants are transferred to nitroceBulose fitters, lysed to release the nucleic acids and probed with an nor specific 

so probe. A 20 base oligonucleotide complementary to the np_r gene sequence between nucleotides 520 and 540 (Yang 
et al., supra) was used as the probe. The sequence is 5'GGCACGCTTGTCTCAAGCAC 3'. A representative clone 
containing the 2.4 kb Hindlll insert was identified and named p371 (Fig. 1). 

A deleted form of the ngr gene in p371 was derived in vitro . A 560 bp internal Rsa l fragment was deleted by 
digesting p371 DNA with Rsal and Hindlll . The 600 bp Hindi 1 1- Rsal fragment spanning the 5' end of the gene and the 

& 1220 bp Rsal-Hindlll fragment spanning the 3' end of the gene (see Fig. 1) were isolated and cloned into Hindlll and 
alkaline phosphatase treated pUC9. This resulted in the deletion of the center portion of the nor gene. The ligated DNA 
was transformed into £.coli JM107. A clone having the desired deletion within the ngr gene was identified by restriction 
enzyme analysis. This ptasmtd Is designated p37lA. 
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amvE Mutation 

Protease deficient strains were tested in connection wtth the production of a Bacillus amylase. To assay the levels 
of amylase produced by various plasmid constructs it was necessary to introduce a mutant amylase gene into the host 
s in plac of the wild type gen . This step is not essential to the present invention and does not affect the level of protease 
activity; it was performed only because plasmid encoded amylas levels could not be determined in the presence of 
the chromosomafly encoded amylase. The amvE allele was transformed from B. subtilis strain JF206 (tggC^ amv El 
into GPl 99 by a transformation/selection process known as congressbn. This process relies on the ability of competent 
B. subtilis cells to be transformed by more than one piece of chromosomal DN A when the transforming DNA is provided 
10 in excess. The process involves initial selection of competent cells in the population by assaying for expression of a 
selectable marker gene which subsequently facilitates screening for co transfer of an unselectable marker, such as 
inability to produce amylase. 

Total chromosomal DNA was Isolated from JF206 or a similar strain containing an amy E mutation. Saturating 
concentrations (—lug) were transformed into competent QP1 99 (met-, teu~, his-) and Hia + traneformants were selected 
f s on minimal media supplemented with methionfrie and leucine. The transform ants were screened for an amylase minus 
phenotype on plates having a layer of top agar containing starch-azure. Five percent of the Hie* colonies were unable 
to produce halos indicating that the amylase gene was defective. One such transf ormant was assayed for the protease- 
deficient phenotype and was designated GP200. 

Supernatant samples from cultures of the double protease mutant were assayed for protease activity using azocoll 
20 as the substrate. When assayed on this substrate, protease activity in the double protease mutant strain was 4% of 
wild type levels. When the more sensitive substrate 14 C -casein was used in the protease assay, the double mutant 
displayed 5-7% of the wild type a subtilis activity. Although protease activity in this strain was low, we discovered that 
certain heterologous gene products produced by these protease deficient cells were not stable, indicating the presence 
of residual protease activfty. We then sought to identify and mutate the gene(s) responsible for the residual protease 
activity. 

In order to characterize the residual protease activity, a number of known protease inhibitors were tested for their 
ability to reduce protease levels in cultures of the double protease mutant strain. PMSF (phenylmethylsuffonyl fkxjride), 
a known inhibitor of serine protease activity, was found to be the most effective. The addition of PMSF to growing 
cultures of Apr Npr Bacillus cells successfully increased the stability of heterologous peptides and proteins synthe- 

30 sized in and secreted from these cells. These results indicated that at least a portion of the residual degradative activity 
was. due to a serine protease. 

Subtilisin © the major serine protease to be secreted bv B. subtilis : however, the serine protease encoded by the 
jsp-1 gene (ISP-1) has been shown to accumulate intracellutarly during spoliation (Srivastava et ai. ( 1981, Arch. 
Microbiol., 129: 227). in order to find out if the residual protease activity was due to lsp-1 , a deleted version of the »g- 

35 1 gene was created in vitro and incorporated into the double-protease deleted strain. 

Deletion of the iso-1 gene 

The rag- 1 gene is contained within a 2.7 kb BamHI fragment of B. subtilis chromosomal DNA (Koide et al., 1986, 
40 J. Bact, J67:110). Purified DNA was digested with BamHI and fragments in the 2.7 kb size range were electroeluted 
from an agarose gel, Moated into BamHI digested PBR328 and transformed Into E. coll JM107 cells. One Amp* colony 
that produced a halo on LB media containing 1% casein was selected and named plSP-1 . Restriction analysis of the 
DNA indicated that plSP-1 carried a 2.7 kb tariHI insert which hybridized with a synthetic 25 base ^-labeled oUgo- 
nucleotlde probe [5'ATGAATGGTGAAATCCGCTTGATCC 31 complementary to the jsg-1 gene sequence (Kolde et al, 
45 supra) . The restriction pattern generated bv Sail and EcoRI digestions confirmed the presence of the feg-1 gene in 
plSP-1. 

A deletion was created within the tejH gene by taking advantage of a unique Sail site located in the center of the 
gene. Because there was an additional Sail site in the vector, the 2.7 kb BamHI gene insert was first cloned into the 
BamHI site of a derivative of pBR322 (pAL4) from which the SaJI site had been eliminated (Fig. 4). The resulting plasmid, 

50 pAL5, therefore had a unique SaJI site wthin the teg-1 gene pAL5 DNA was digested with £aji, treated with BaJ31 
exonudease for five minutes at 37°C to delete a portion of the gene sequence, and religated. The DNA was transformed 
into JM107 and resulting Amp* colonies were screened for a Bam HI insert of reduced size. A plasmid with a 1.2 kb 
deletion within the BamHI insert was selected and named pAL6 (Fig. 4). 

The cat gene was purified from the E. coll plasmid pMJIIOI on a Sail fragment as above and cloned Into pAL6 at 

55 the EcoRV site. The resulting DNA was transformed into the double protease mutant strain (GP200) and integrants 
containing the deleted ISP-1 gene were selected as described above. The tripte-protease deleted strain s called GP208 
(apjA, nprA, teg-1 A). Using a casein substrate, protease activity was measured In the triple-mutant strain (Apr, Npr, 
lsp-1-) and found to be 4% of the wild type level, about the same as the double mutant strain. 
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Characterization of epr protease activity 

The.residual protease activity remaining in QP208 faprA . nprA, feg-1A) cultures accounted for only a small per- 
centage of the total protease activity produced by the host. In order to characterize the type of protease encoded by 
s the epj gene, the effect of different inhibitors on the protease secreted by B. subtais GP208/pNP1 was examined. 

Culture media was obtained two hours into stationary phas and assayed using 1 *C-casein as th substrate. The 
tevei of protease activity present in QP208 was not high enough to detect in the standard protease assay described 
above, however, appreciable protease activity was detected in the culture medium of GP208/pNP1, carrying the am- 
plified egr gene. The egr protease activity was inhibited in the presence of both 10 mM EDTA and 1mM PMSF sug- 
w gesting that it encodes a serine protease which requires the presence of a cation for activity, (lsp-1 , another serine 
-protease, is also inhibited by EOTA.and PMSF.) ; 

Subctoninq the eor gene 

f s a 2.7 kb Hpai-Sall subtragment was isolated from the pNPl insert and cloned into pBs81/6, a derivative of pBD64 
(derived by changing the Pyull site to a Hindlll site using synthetic linkers). Transformants carrying this subcloned 
fragment were capable of producing halos on casein plates, indicating that the entire protease gene was present within 
this fragment. A representative clone was named pNP3. 

The location of the gene within the pNP3 insert was further defined by subckxung a 1 .6 kb EcoRV subtragment 

#> into pBs81/6 and selecting for the colonies producing halos on casein plates. A clone which produced a halo, and 
which also contained the 1.6 kb insert shown in Fig. 5, was designated pNP5. The presence of the protease gene 
within this fragment was confirmed by deleting this portion of the 4 kb insert from pNP 1 . pNP1 was digested with EcoRV 
and reiigated under conditions which favored reclrcularization of the vector without incorporation of the 1 .6 kb EcoRV 
insert The DNA was transformed into GP208 and colonies were screened on casein plates. Greater than 95% of Ihe 

2S transformante did not produce halos, indicating that the protease gene had been deleted from these clones. A repre- 
sentative clone was selected and is designated pNP6. (The small percentage of colonies that produced halos were 
presumed to have vectors carrying the native epr gene resulting from recombination between the chromosomal copy 
of the gene and homologous sequences within the plasmid.) 

m Nucleotide and deduced amino acid sequence of the epr gene 

Subdoning and deletion experiments established that most of the protease gene was contained on the 1.6 kb 
EcoRV fragment (Fig. 5). Determination of the nucleotide sequence of the 1 .6 kb EcoRV fragment (Fig. 6) revealed 
an open reading frame which covered almost the entire fragment starting 450 bp from the left end and proceeding 

36 through the right end (see Fig, 2). Comparison of the deduced amino acid sequence with other amino acid sequences 
in GENBANK indicated that the protein encoded by the ORF had strong homology (approximately 40%) to both subtilisin 
(Stahl at aJ., 1984, J. Bad, 156:411) and lsp-1 (Koide et al., 1986, J. Bact, .167:110) from B. eubtilis 166. The most 
probable initiation codon for this protease gene is the ATG at position 1 in Figure 6. This ATG (second codon in the 
ORF) is preceded by an excellent consensus B, subtilis ribosome binding site (AAAGGAGATGA). In addition, the first 

40 26 amino acids following this methionine resemble a typical B. subtilis signal sequence: a short sequence containing 
two positively -char god amino acids, followed by 15 hydrophobic amino acids, a helix-broaking proline, and a typical 
Ala X Ala signal peptidase cleavage site (PenYnan et al., 1983, J. Mol. Biol., 167:391). 

Sequence analysis indicated that the ORF continued past the end of the downstream EcoRV site, even though 
the 1 .6 kb EcoRV fragment was sufficient to encode Epr protease activity. To map the 3' end of the gene, the DNA 

4$ sequence of the overlapping Kpnl to Sail fragment was determined (Fig. 6). As shown In Figure 2, the end of the ORF 
was found 717 bp downstream of the EcoRV site and the entire epr gene was found to encode a 645 amino acid 
protein, the first approximately 380 amino acids of which are homologous to subtilisin (Fig. 6). The C -terminal approx- 
imately 240 amino acids are apparently not essential for proteolytic activity since N-terminal 405 amino acids encoded 
in the 1 .6 kb EcoRV fragment are sufficient for protease activity. 

so 

Structure of the epr protein 

In vitro transcription-translation experiments were used to confirm the size of the protein. Plasmid pNP3 DNA 
(containing the 2.7 kb Hpai-Sall fragment with the entire egr gene) was added to an S30-coup!ed transcrptcrVtrans- 
65 tatlon system (New England Nuclear) resulting In the synthesis of a protein of approximately 75,000 daltons. (Additional 
proteins of 60,000 and 34,000 daltons were also observed and presumably represented processed or degraded forms 
of the 75,000 datton protein.) This size agreed reasonably well with the predicted molecular weight of 69,702 daltons 
for the primary product based on the deduced amino acid sequence. 
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plasmid DNA; these strains contain the £ f^T™ — * between the two cop.es of the epj ^ene toi wove 
ToeSeen for a strain that had undergone a "f^^"?^, r8plicon , a ai ngie colony was selected and grown 
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Identification of Novel Proteolytic Acth/Hina 

Strain of a subtiljs have been c^letedjcf jourjwrhesaential protease genes, apr, DEI. J§d-1 and epr. These 
deletions reduc total xtraceltular proteas levels in culture sup^Wof Spo+ hosts by about 96% ccroaredto 

d !!!! , !S l - to J*^~ ^ MnSt * erema, ™9 4 * P"***» activity Irihe 
production of protease-labil products in Bacillus , 

Using the azacoll assay, we have Identified two nov I proteases that account for this residual activity m GP227 a 
muftipl proteased ficienl &-subti^^ encodinaa 
requlatory -proton. The sacQ- gene product functions by enhancing (he production of degradative en^mes in Bacillus, 
?^£J!!2S Pr0l8aSS mm * ] 88 tte8Crtb8d ln Euro P 8an Patent Application 86308356.4 (Publicitton 
by eacQ*. strain QP227 produces substantially more protease activity than GP2i67which lacks sacQ- 
fiH J"f n 7 al " 8Up ° rnatant8 '7 m cuttureso ' B 1 subtifeGP227 were concentrated, fractionated by passage over a gel 
T2 ST? 1 ? P : 0<9a8e ■** Two 8608,11,8 of actrvity were elated fromthe »lurnn and 
designated RP-I and RP-II Cresidualfirotease) for the larger and smaller molecular weight species, respectively Sub- 

SnTaZSiS .Ttow! "" P, ° ,ein8 ' ^ ^ C " a ** " 8 d6,eU0n muteton * — RW and r£S 

Isolation and Characterization of Rp -I 

A«™P»eartd^ciemp^^ Cu|t 
were grown r modified MRS lactobacillus media (DHco. with maltose substituted for glucoee) and MncSratedT 

ZLZ £ PbCe a9ain8t 5 ° mM MES ' 0 4M N «CI. PH 6.8. andTractionatXer a SvWHPL^el 

P H 6.7 and applied toa benzamidine-Sepharose liquid affinity column a^iJ^M^ 
tt&^^JESSr*****"* *™ ~* boundpuantSe^ 

out .^a,nolecularweightof approximately 47,^ 

m a 140-fold increase in specific activity, and an overall recovery of about 10% 

com ^ r ^° CU8ln9 9 ? rW6 f d ma,RP - ,haea P | 44 *7, indicating a high acidic/basic residue 

c«npoettion The enzyme has a pH optimum of 8.0 and a temperature maximum of60°C whenazocoll is used as Z 

fJTiSS? ^TlfT °?T TT* ™* 88 d0naturGd •*■« ■* «»*8 as well as ester sub- 

*!f™* °r?: N : linka908 > 8ucn 88 N^t-benzolyl-L^rginine ethyl ester, phenylalanine methylester tvrosine 

r^Sh - n2 ^" L " a .T in ^" nitranilide 9,888 demonstrate that m is l^SESE 

a7e^dS^ 

actenBiics moicats that RP-I may be the enzyme commonly referred to as Badltopeptidase F (Bover el al 196fl Arch 

BK^.acphvs.,m442andRoitechetaL, 1983, J. Bact.. 155:145). AjthwgnEtac^epticK 

to be a glycoprotein, we have not found carbohydrate to be associated wlthfW ^ 

Clonino the Gene for RP-I 

on J?autZT ! L^ am,n0 " tefminal 28am ^ oacidao,Rp - ,wa3 by sequential Edman degradation 

on an automatic gas phase sequenator and is depicted in Figure 8. A DNA probe seouence rai m^M^^l 
synthesized based on ihe most frequent codon usage for these amine • acidVin B^^ 
™™ ^T-! * RP -* ^ **> "W*™ (Positions 7 J^SS ^an^ae £S 

^T^" ^ ^ clHtetod ^ construction of a probe that was highfy specific tor tte gene cS^X^pT 
- 2f m ^!l lrta : " BlflM DNA waa **« <™ B aubtllls strain GF216, digested with eaTrt several different 

blottedontoanrtrocellutosefilterbyth method* Southern (eup^^^ £2 ^ 
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fey esc 20% formamide, 1X Denhardts at 37° C). 

^Xt^-P^^ :zTo^^^^^ nx was a convenl9n, 6ae 

10f Ti^S^nlnQPst. inserts in th 6-7 kb sizerange wasprepar DN A f ragment o!6-7 
„JiS553 digested ^J^S^Si^SS^Sa been treated with ca« 

^CTedUor^^ 

intestinal pnosph^etopreventrecj^ 

"T td ^ 

.atJedRP^ificprobean^^^^^ 

DMwasisolatedtromifcotthec^ 

ulh Tctanes had identical restriction patterns, and the plasmd J™ ™ ° ,„ Figure g was derived. The 

^Tvattei o, restriction enzymes, the restriction J^^S^I"*"* was WW** ^ 
in *mr«te encodes the N-termina ' ^^^^^^dtohybraize with a0.65 kbCtei- 
r^c£Sso. pCR83by the method of f^J^;™ 6 ^ 

fragment euggest^^ 
fflne RP-lgene, the strands indicated that the RP-. gene . onented n 

TheDNA sequence of a portion of the Pstl inMrt '*"^J^S 
sequ^nceTundeledinFlgure ^^^^"S^^^r*-. designated in Fig. 9 and,* 
aSe d the protein. TheBglh *TS^^ ta 9> ^ £« 

aS^theJis^ 

thEatG is preceded by a ribosome binding srte (A^GQOOJTO^^; ^ fwe 

Sal peptidase cleavage ^^^^"t^T^dSiiEd N4ermlnal amino acid sequence. The firs 
bvWbeglrmfcg of the mature protein as conflmnadby me ™' e ™" ^ mB as the Ala resKlue at 

« J£ add of the N-terminue, which was uncertain from the protein ^™ , ^ 496 ^ acids with a 
^ from the DNA sequence. ™ 'f <^ the determined motecutar 

Sicted molecular weight of 52.7M dalton.. ^^XS^J^ P° int 01 *• ^ ^ ( 2 
weightofthepurfledpr^^^ 

,w.n n thA RP-I q nr ■ ""' lt * oov reDlico0 
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medium underselectiveconditionsfor SO hoursat 37- ^^^^ QAMrm epr<^B^^^^ 
Ssupematantsfromthep^ 

enures. Furthermore, this secret* anextra prote* of 47 kd. These resutts 

Sicontea*totheoverpr«tuctiaioftheRP-lprotein. 
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Location of the RP-I Gens on th B. Subtilis Chromosome 

W mapped the location o1 the RP-I gene (bpr) on th & subtilis chromosome by Integrating a drug resistance 
marker into the chromosome at th sit of bpr and using phage PBS1-mediated transduction to determine the location 

s of the cat insertion. A 1 .3kb Sma ) fragment containing a chloramphenicol acetyltransferase (cat) gene was cloned into 
the unique EcoRV site of pCR92 (the 3.0 kb Bglll of pCR83 cloned into pUC1 6. Th EcoRV site is in the coding r gion 
of bpr (Figure 10). The resulting plasmid, pAS112, was linearized by digestion with EcoRt and then used to transform 
B. subtilis strain GP216, and chloramphenicoi-resistant transformants were selected (GP238). Cm? transformants were 
expected to be the result of a double cross-over between the linear plasmid and the chromosome (marker replacement). 

10 Southern hybridization wa6 used to confirm that the cat gene had integrated in the chromosome, interrupting the bpr 
gene. Mapping experiments indicating that the inserted rat gene and bgr were strongly linked to pyrD1 (89%) and 
weakly linked to met C (4%). The gene encoding the neutral protease gene (npr) also maps in this region off the chro- 
mosome, although npr is less tightly linked topyr (45% and 32%) and more tightly linked to metC (18% and 21%) than 
is bpr. 

IS 

Construction of a deleted version of the RP-I gene 

An internal deletion in the RP-I sequence was generated in vitro . Deletion of the 650 bp sequence between the 
Cjal and EcoRV sites In the pCR83 insert removed the sequence encoding virtually the entire amlno-termlnal half of 

20 the mature RP-I protein. The deletion was made by the following procedure. 

The 4.5 kb Pstl-EcoRI fragment of PCR78 (a pBR322 clone containing the 6.5 kb Pstl fragment) was isolated and 
ligated to pUC18 (a vector containing the E, coll lacZ gene encoding f)-gatactosidase) that had been digested with 
EcoRI and Pstl. The ligation mix was then transformed into E, coji DH5 cells. When plated onto LB media containing 
Xgal and ampicillri, eight white colonies resulted, indicating insertion of the fragment within the gene encoding p- 

26 galactoskiase. Plasmid DN A prepared from these colon ies indicated that seven of the eight colonies contained plasmkls 
with the 4.5 kb insert. One such plasmid, pKT2, was digested with EcoRV and Ctal, treated with Klenow fragment to 
blunt the Clal end and then recirculated by self -ligation. The ligated DNA was then transformed tntoE. colj OH5 cells. 
Approximately 1 0X) transformants resulted and plasmid DNA was isolated from Amp 1, transformants and analyzed by 
restriction digestion. Eight of eight clones had the Clal-EcoRV fragment deleted. One such plasmid was designated 

30 pKTY. The cat gene, carried on an EcoRI fragment from pEcd was then ligated into pKT2 / for use in selecting Bacillus 
integrants as described above. To insert the cat gene, pKT^was digested with EcoRI. treated with calf intestine alkaline 
phosphatase and ligated to a 1.3 kb EcoRI fragment containing the cat gene. The ligated DNA was transformed into 
DH5 cells and the Amp r colonies that resulted were patched onto LB media containing chloramphenicol. Ttoo of 100 
colonies wore Cm*. Plasmid DNA was isolated from these two clones and the presence of the 1 .3 kb cat gene fragment 

& was confirmed by restriction enzyme analysis of plasmid DNA. One of these plasmids, pKT3, was used to introduce 
the deleted gene into strain GP216 by gene replacement methods. 

The DNA was transformed into GP216 and chloramphenicol resistant colonies were selected Chromosomal DNA 
was extracted from 8 Cm R colonies and analyzed by Southern hybridization. One clone contained two copies ol the 
deleted RP-I gene resulting from a double crossover between homologous sequences on the vector and in the chro- 

40 moeome. The clone was grown in the absence ol chloramphenicol selection and was then replica plated onto TBAB 
media containing chloramphenicol One Cm* colony was Isolated and Southern analysis confirmed that the deleted 
gene had replaced the wild-type RP-I gene in the chromosome. This strain was designated GP240. Analysis of euper- 
natants from cultures of GP240 confirmed the absence of RP-I activity. 

45 Isolation and Characterization of RP-I I 

The purification scheme for RP-II was more extensive than for RP-I because RP-li failed to bind beruamidine- 
Sepharose or other protease -affinity resins, e.g., arginine-Sepharose and hemoglobin-agaroee, and we thus found it 
necessary to use more conventional purification techniques such as ion exchange chromatography, gel filtration and 

so polyacrylamide gel electrophoresis. 

Concentrated crude supematants of GP227 cultures were fractionated over DEAE-Sephaoel (anion exchange) 
equilibrated at pH 6.8. At this pH the RP-II protein failed to bind the resin; however, approximately 80% of the total 
applied protein, inducing RP-I, bound the resin and was thus removed from the sample. The column eluate was then 
fractionated by cation exchange chromatography using CM-Sepharoee CL-6B equilibrated at pH 6.8. RP-II was capable 

ss ol binding to the resin under these conditions and was then ©luted from the column with 0.5 M KCI. To further enhance 
the resolution of the cation exchange step, the RP-II eluate was then refractionated over a 4.6 x 250 mm WCX (weak 
cation exchange) HPLC column developed with a linear gradient of NaCI. The WCX pool was then size-fractionated 
over a TSK-125 HPLC column. Th RP-II peak wae then fractionated a second time over the same column yielding a 
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^ hfl .« upLC Since each of the 
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Pst l, 3-4 kb, andEcgRl, 6-7 kb. The probes also hybridized to v ry targe fragments h the BamHI and Bolll-digested 
DNAs. 

-Pstl fragments kb were used to construct a DNA library, as follows. pBR322 was digested with Psti and 
treated with CIAR Size-selected Pstl-dlgested GP241 chromosomal DNA of 3-4.5 kb was electrocuted from a 0.8% 

5 agarose gel. Approximately 0.1 ug of Pstl-cut pBR322 and 0.2 ug of the size- elected DNA was ligatad at 16°C over- 
night. The ligated DNA was then transformed Into E. coll DH5 cells. Approximately 10,000 colonies r suited, of which 
60% contained ptasmlds with the Insert DNA. 1400 colonies were patched onto LB plates containing I5ug/ml tetra- 
cycline wfthlirtrocellutoee filters. After colonies were grown at 37°C overnight, the filters were processed to lyse the 
colonies, denature the DNA, and remove cell debris. The filters were then baked at 60° for two hours. Colony hybrid- 

io izatton was performed using radiolabeled probe 707. Hybridization conditions were identical to those used in the South- 
em blot experiments. Analysis of the plasmld DNA from four positive colonies identified one as containing piasmid 
DNA that contained a 3.6 kb insert which strongly hybridized to both probes. The piasmid, pLPt , Is shown In Fig. 1 3(b). 

A restriction map of pLP1 (Fig. 1 3(a)) was constructed using a variety of restriction endonucleases to digest pLP1 , 
transferring the size-fractionated digests onto nitrocellulose, and probing the immobilized restriction fragments with 

'5 the radiotabelled oligomers described above. It was determined that all three oligomers, which encode a total of 53 
amino acids within the RP-ll protein, hybridized with the 1.1 kb Hindi fragment 

The 1.1 kb Hindi fragment was Isolated and cloned into M1 3mp1 8. A phage clone containing the Hindi fragment 
was identified by hybridization with one of the oligomer probes. The DNA sequence of the Hind i fragment revealed 
an open reading frame that spanned most of the fragment (position -24 to position 939 in Figure 1 4). The most probable 

20 initiation codon for this open reading frame is the ATQ at position 1 in Figure 14. This ATG is preceded by a B. subtilis 
riboeome binding site (AAAGGAGG), which has a calculated AG of -16.0 kcai. The first 33 amino acids following this 
Met resembled a B. subtilis signal sequence, with a short sequence containing four positively-charged amino acids, 
followed by 16 hydrophobic residues, a helix-breaking proline, and a typical Ala-X-Ala signal peptidase cleavage site. 
After the presumed signal peptidase dsavage site, a "pro" region of 56 residues is found, followed by the beginning 

ft of the mature protein as determined by the N-terminal amino acid sequence of the purified protein. The amino terminal 
16 residues are underlined and designated a N terminus'. Amino acid sequences from which the three guess-mere 
were deduced are also underlined and designated T94, T92, and T90. The determined amino acid sequences of the 
peptides matched the deduced amino acid sequence except for a serine residue encoded by nucleotides 379-381 and 
a cysteine residue encoded by nucleotides 391 -393. The determined amino acid sequence predicted a cysteine residue 

so (position 14, T94 peptide) and an aaparagine residue (position 16, T94 peptide), respectively (Figure 11). The entire 
mature protein was deduced to contain 221 amino adds with a predicted molecular weight of 23,941 daltons. This size 
wae in approximate agreement with the determined molecular weight of the purified protein 28,000 daltons. 

The deduced amino acid sequence showed only limited homology to other sequences in GENBANK. The strongest 
homology was to human protease E and bovine procarboxypeptidase A In a 25 amino acid sequence within RP-ll 

35 (131-155, encoded by nucleotides 391-465; Figure 14). 

Tot urther confirm the identity of the RP-ll gene, the 3.6 kb Pstl fragment was engineered onto a multicopy Bacillus 
replicon to test for overproduction of the RP-ll protein. For this purpose the Bacillus piasmid pBs81/6 (Cntf, Neo*) was 
inserted into the E. M clone containing the RP-ll gene. Piasmid pLP1 (8.0 kb) was digested with EcoRI. which cuts 
at a single site outside the Pstl insert, and ligated to EcgRI -digested pBs81/6 (4.5 kb; Fig. 1 3(a)). The resulting piasmid 

40 (pCR130) was used to transform GP241, and chloramphenicol or neomycin-resistant transformants were selected. 
Supernatant samples from cultures of the transformants were found to contain 3-4 fold more azocoll-hydrolyzing activity 
than the supernatants from cells containing only the piasmid pBs81/6, indicating that the gene for RP-il ts wholly con- 
tained within the 3.6 kb Pstl fragment. 

46 Location of the RP-ll Gene on the B. subtilis chromosome 

In order to map the RPII gene (mpr) on the B. subtilis chromosome, we used B. subtilis strain GP261 described 
below which contained the cat gene inserted Into the chromosome at the site of the mpr gene and used phage PBS1 
transduction to determine the location of the cat insertion. 
50 Mapping experiments indicated that the inserted cat gene and mpr were linked to cysA14 (7% co-transduction) 
and to aro!906 (36% co-transduction) but unlinked to purA16 and da!. This data indicated that the mpr gene was 
between cysA and arol h an area of the genetic map not previously known to contain protease genes. 

Deletion of the RP-ll Gene on the Bacillus Chromosome 

55 

As described above for the other Bacillus subtilis proteases, an RP-I I Bacillus deletion mutant was constructed by 
substituting a deleted version of the RP-ll gene tor the complete copy on the chromosome. To ensure the deletion of 
the entire RP-lt gene, a region of DNA wae deleted between the two Hpal sites in the insert (Fig. 13(a)). This region 
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Amsnopeptidase was measured using L-i uctne-p-nrtroanilide as substrat (1 unit ~ nmols substrate hydro- 
tyzed/minute). Protease was measured using tha standard azocoil assay (1 unit = AA^ of 0.5/nour). Esterase was 
measured using N4-BOC-gtutamic acid-a-phenyl ester as substrate (1 unit = pmote substrate hydrotyzecVminute). 
Strain QP238 has the genotype Aaor. Anpr , Aepr , Aisg, Atjd-1 ; strain QP239 has th genotype Aapr, Anpr, Aepr , Aisp, 
s Arp-1, sacQ*; and GP262 Al, All, Bl.and Bll ar Independent clones of GP262 containing sacQ* and a cat insertlonal 

deletion in RP-ll. ND means not detectable- ~ 

Referring to Table 2, several protease-deficient strains were also tested for pr tease activity using the more sen- 
sitive resorufin-labelled casein assay described earlier. As is shown in Table 2, although the strain GP263, deleted for 
six protease genes, exhibited no detectable protease activity in the azocoil test, such activity was detected in the 
io resorufin-labelled casein test GP271, the spoOA derivative of GP263, exhibited no detectable protease activity in 

either test, indicating that the prior protease activity detected in GP263 may be under sporulaticn control The minor 

casein-detectable activity present in culture fluids of GP263 apparently belongs to the serine protease family because 
of its sensitivity to inhibition by PMSF. In the presence of PMSF, no detectable protease activity wa6 present in cultures 
OIGP263, 

is 
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Table 2 



Remaining activity 
(% of wild-type at tio) 



Strain Genotype 1 2 

IS75 Wild-type 100 100 

GP202 Aapr, 6jipr,amyE 5 8 

-GP208 tepr, twpr, 6i$p~l,amyE f mct- 5 8 

GP263 bapf, Anpr, Aisp-1, 6epr f Abpr, ND 05-1 
Ampr, Mtpr, amyE, metr 

GP271 spoQA,&apr,Anpr,M$p-l,Aepr, ND ND 
Abpr, tmpt, 6hpr, amyE, metr 



1 As measured using azocoll as substrate. 

2 As measured using resorufin casein as substrate. 

Other embodiments are feasible. 

For example, in some instances it may be desirable to express, rather than mutate or delete, a gene or genes 
encoding protease(s). 

This could be done, tor example, to produce the proteases for purposes such as improvement of the cleaning activity 
of laundry detergents or for use in industrial processes. This can be accomplished either by inserting regulatory DNA 
(any appropriate Bacillus promoter and, If desired, ribosome binding site and/or signal encoding sequence) upstream 
of the protease-encoding gene or, alternatively, by inserting the pratease-encodlng gene into a Bacillus expression or 
secretion vector; the vector can then be transformed into a Bacillus strain for production (or secretion} ol the protease, 
which is then isolated by conventional techniques. Alternatively, the protease can be overproduced by inserting one 
or more copies of the protease gene on a vector into a host strain containing a regulatory gene such as sacQ*. 
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Claims 

1 . A Bacillus cell characterised in containing a mutation fri the epr gene, said ear gene encoding a protein comprising 
the amino acid sequence fFigur 6 or an evolutionary homolooue thereof of other Bacillus species, having pro- 
teass activity, said mutation resulting in inhibition of the production by said cell of proteolyticaity activ egr gene 
product. 

2. A Bacillus cell according to Claim 1 , characterised in further containing a mutation in the RP-l-encoding gene, said 
RP-t encoding gene encoding a protein comprising the amino acid sequence of Figure 1 0 or an evolutionary homo- 
logue thereof of other Bacillus species, having protease activity, said mutation resulting in inhibition of the produc- 
tion by said cell of protaolytically active RP-l. 

3. A Bacillus cell characterised in containing a mutation in the RP-l-encoding gene, said RP-I encoding gene encoding 
a protein comprising the amino acid sequence of Figure 10 or an evolutionary homologue thereof of other Bacillus 
species, having protease activity, said mutation resulting in Inhibition ot the production by said cell of proteolyticaity 
active RP-I. 

4. A Bacillus cell according to any preceding claim, characterised in further containing a mutation in the RP-II encoding 
gene, said RP-I I encoding gene encoding a protein comprising the amino acid sequence of Figure 14 or an evo- 
lutionary homologue thereof of other Bacillus species, having protease activity, said mutation resulting in inhibition 
ol the production by said cell of proteolyticaity active RP-il. 

5 - A Bacillus cell characterised in containing a mutation in the RP-ll-encoding gene, said RP-II encoding gene encod- 
ing a protein comprising the amino acid sequence of Figure 14 or an evolutionary homologue thereof of other 
Bacillus species, having protease activity, said mutation resulting in inhibition of the production by said cell ol 
protaolytically active RP-II. 

6. A Bacillus cell according to any preceding claim, characterised in further containing mutations in the aj>r and nor 
genes encoding extracellular proteases, said mutations resulting in inhibition of the production by said cell of said 
encoded proteolytic activities. 

7. A Bacillus cell according to any preceding Claim, further characterised in that the or each said mutation comprises 
a deletion within the coding region of the gene. 

& A Bacillus cell according to any preceding claim, further containing a mutation in the isp-1 gene encoding an 
Intracellular protease, said mutation resulting in inhibition of production by said cell of protaolytically active isp-1 
gene product. 

9. A Bacillus cell according to any of Claims 1 to 7, characterised in further containing a mutation which reduces said 
cell's capacity to produce one or more sporulalion-dependent proteases. 

10. A Bacillus celt according to Claim 9, further characterised in that said speculation-dependent protease mutation 
blocks speculation at an earty stage but does not eliminate the cell's ability to be transformed by purified DNA. 

11. A Bacillus cell according to Claim 10, further characterised in that said sporulation-dependent protease mutation 
is in the spoQA gene. 

12. A Bacillus cell according to any preceding claim, further characterised In being a Bacillus subtilis cell. 

1 3. A Bacillus cell according to any preceding claim, characterised in further comprising a gene encoding a heterolo- 
gous polypeptide. 

14. A cell according to Claim 13, further characterised in that said heterologous polypeptide is a hormone, vaccine, 
antiviral protein, antitumour protein, antibody or clotting protein. 

16. A cell according to Claim 13, further characterised in that said heterologous polypeptide is a pesticide or enzyme. 

1 6. A method for producing a heterologous polypeptide in a Bacillus cell, characterised in comprising: introducing into 



18 



EP 0 369 817 B1 



20 



26 



^ .Hi«H to be exor seed in said cell, said BaciHys cell 

saidcellageneerK^g^^ r more of th genes 

protease, RP-I or RP-H. . 

10 ■ Pr ° dUCt ' . 1R M 7 further charactered ^^^^ 

18. A method according to Claims 16 or 17, further character 

unstable in a Bacillus cell. 

„c, a >ns16 17orl8 further character^ in mat said ce., » a BacHl^ce... 

,s 19 A method according to any of Claims 16, 17 or ib, turn 
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PatontanaprOche 

1. Bactllus-Z He, dadurch gekennzeichnet, daB sie ine Mutation im epr-Gen enthalt, wobei das pr-Gen fOr ein 
Protein, das die Aminosauresequenz aus Figur 6 umfaBt odar ein evolutionares Homologes davon von anderen 

5 Bacillus -Spezi n mit Protease-Aktivitat kodiert, und die Mutation zur tnhibi rung der Produktion des proteolytisch 
aktiven epr-Genprodukts durch diese ZeUe fOhrt 

2. Bacjjlus-Zelle nach Anspruch 1 , dadurch gekennzeichnet, daB sie weiterhin etna Mutation im 10r die RP-I kodie- 
renden Gen enthalt, wobei das f Or die RP-t kodierende Gen f Or ein Protein, das die Aminosauresequenz von Figur 

10 10 umfaBt oder ein anderes evolutionares Homologes davon von anderen Bacilius -Speziee mit Protease-Aktivitat 
kodiert, und die Mutation zur Inhibierung der Produktion von proteolytisch aktivem RP-i durch diese Zelle fOhrt 

3. Baciilus -Zelie, dadurch gekenrtzeichnet, daB sie eine Mutation im fOr die RP-i kodierenden Gen enthalt, wobei 
das fOr die RP-I kodierende Gen fOr ein Protein, das die Aminosauresequenz von Figur 10 umfaBt Oder ein evo- 

'5 lutionares Homologes davon von anderen Bacilius-Spezlen mft Protease- Aktivttat kodiert, und die Mutation zur 
Inhibierung der Produktion von proteolytisch aktivem RP-I durch diese Zelle fOhrt. 

4. Bacillus -Zelle nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet, daB sie weiterhin eine 
Mutation im fOr die RP-II kodierenden Gen enthatt, wobei das fOr die RP-II kodierende Gen fOr ein Protein, das 

?<> die Aminosauresequenz von Figur 14 umfaBt oder ein evolutionares Homologes davon von anderen Bacfllus- 
Spezies mit Protease-Aktivitat kodiert, und die Mutation zur Inhibierung der Produktion von proteolytisch aktivem 
RP-II durch diese Zelle fOhrt 

5. BaciHus -Zelle, dadurch gekennzeichnet, daB sie eine Mutation im fur die RP-II kodierenden Gen enthalt, wobei 
25 das fOr die RP-II kodierende Gen fOr ein Protein, das die Aminosauresequenz von Figur 14 umfaBt oder ein evo- 
lutionares Homologes davon von anderen Bacilius -Spezies mit Protease-Aktivitat kodiert, und die Mutation zur 
Inhibierung der Produktion von proteolytisch aktivem RP-II durch diese Zelle fOhrt. 

6. Bacillue -Zelle nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet, daB sie weiterhin Mutatio- 
30 nan in den fur extrazeliulare Proteasen kodierenden agr- und npr-Qenen enthalt, und die Mutationen zur Inhibie- 
rung der Produktion dieser kodierten proteolytischen Aktfvltaten durch diese Zelle f Ohren. 

7. gacjU^-Zelle nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet, daB au&erdem die Muta- 
tion oder jede dieser Mutationen eine Deletion Innerhab der kodierenden Region des Gens enthatt. 
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6. Bacillue-Zelle nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet, daB sie weiterhin eine 
Mutation im fOr eine imrazeffulare Protease kodierenden isp-1 -Gen enthatt und die Mutation zur Inhibierung des 
proteolytisch aktiven jsjH-Genprodukte durch diese Zelle fuhrt. 

40 9. BaciHus -Zelle nach einem der AnsprOche 1 bis 7, dadurch gekennzeichnet, daB sie auBerdem eine Mutation ent- 
hatt die die Fahigkeft der Zelle, eine oder mehrere eporenblldungsabhangige Protea6e(n) zu produzieren, herab- 
setzt 

10. Bacillus -Zetle nach Anspruch 9, dadurch gekennzeichnet, daB weiterhin die Mutation der sporenbiWungsabhan- 
45 gigen Protease die Sporenbildung in einem frOhen Stadium btockiert, jedoch nicht die Fahtgkeit der Zelle, mit 

gereinigter ONA transformiert zu warden, ausschaftet. 

11. Bacillus -Zelle nach Anspruch 10, dadurch gekennzeichnet, daB sich weiterhin die Mutation der sporenbikiungs- 
abhangigen Protease im 6PoQA-Gen befindet. 
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12. Bacillus-Zelle nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet, daB sie des wetteren eine 
Bacillus subtilua -Zelle 1st. 

13. Bacillus -Zelle nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet, daB sie weiterhin ein fOr 
£5 ein heterojoges Potypeptid kodierendes Gen enthalt. 

14. Zelle nach Anspruch 1 3, dadurch gekennzeichnet, daB das heterologe PolypeptkJ ein Hormon, vakztn, antivirales 
Protein, Antitumorprotein, Antikorper Oder Gerinnungsprotein darstellt. 
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10 



15 



lanTn dies Zell eintur di 8 8 heterotoge Polypeptid «»■«""■ « ' ' wutationen enthali ond auUerdem 

Mutationen in inemoder mehreren Gen(en). *WJ ^ -J- figuren 6. 10 bzw. 14 Oder ev - 

,uttonare Homologe davon von anderen f»^ E Prolea8ei RP ^ oder RP-H dutch dioae ZeBe fQhrt. 
Inhibisrung def Production von pfoteclyti&ch aktivor cpr rrw 

Genpro^kt durch dleae Zelle lOhrt. 

Baclllus -Zella normaleiwebe mstabll Isl. 
19 Verlahrenn8cheinemderAnBprOche16 l 17oder1B,oaaurc g 



so Zelle ist. 



, u.K„«» ri-n die Zelle auSerdemeine Mutation 
stellt 

- ^r^fftrdiaAminosaur0sequ©nzvonFigurl4 
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31. Im wesentlichen reine Restprotease II (RP-II) aus Bacjllye, die die Aminoeaureeequenz von Ffgur 14 odor ein 
evolutionary Homologes davon von ander n Bacillus -Spsziea mit Protease-Aktrvltat umfaQt. 



R vindications 

1 . C llute de Bacillus cafacterisde en ce qu' II contient une mutation dan6 le gfcne egr, (edit gfcne egr oodant un 
proline comprenant la sequence cfacides amines de la figure 6 ou un homologue 6volutcnnaire de celie-ci 
cfautres esp&ces de Bacillus , ayant une actlvitd de protease, ladlte mutation entratnant une tnhib&ton de la pro- 
duction par ladlte cellule d'un produrt du g&ne egr actlf du point de vue proteolytique. 

2. Cellule de Bacillus selon la revendication 1 , caracterisde en ce qu'elle contient en outre une mutation dans le gdne 
oodant la RP*I, ledit gene codant la RPH codant une proteine comprenant la sequence cfacides amines de la figure 
10 ou un homologue dvoluttonnaire de celle-ci cfautres especes de Bacillus, ayant une activity de protease, ladile 
mutation entratnant ("inhibition de la production par ladlte cellule cfune RP-I active du point de vue proteolytique. 

3. Cellule de Bacillus caractertsde en ce qu'elle contient une mutation dans le g&ne codant la RP-J , ledit gdne codant 
la RP-I codant une proteine comprenant la sequence cfacides amines de la figure 1 0 ou un homologue Evolution- 
naire de celle-ci d'autres espdcee de Bacillus , ayant une activity de protease, ladite mutation entratnant f inhibition 
de la production par ladite cellule cfune RP-t active du point de vue protdotytique. 

4. Cellule de Bacillus selon Tune quetconque des revendications prdctedentee, caracteriede en ce qu'elle contient en 
outre une mutation dans le g&ne codant la RP-II, (edit g&ne codant la RP-II codant une proteine comprenant la 
sequence cfacides amirtes de la figure 1 4 ou un homobgue dvoluttonnaire de celle-cl d'autres espdces de Bacillus , 
ayant une activity de protease, ladite mutation entratnant ('inhibition de la production par ladite cellule d'une RP- 
II active du point de vue proteolytique. 

& Cellule de Bacillus caracterisde en ce qu'elle contient une mutation dans le gdne codant la RP-II, (edit gdne codant 
(a RP-II codant une proline comprenant la sequence d'acides amines de (a figure 1 4 ou un homologue dvolution- 
naire de celle-ci cf autre espfeces de Bacillus, ayant une activity de protease, ladite mutation entratnant (Inhibition 
de la production par ladite cellule d'une RP-II active du point de vue proteolytique. 

6. - Cellule de Bacillus salon fune quetconque des revendications prtcddentes, caracterisle en ce qu'elle contient en 

outre des mutations dans les gfrnesapr et nor codant dea proteases extracellulaires, lesdites mutations entratnant 
rinhlbitlon de la production par ladlte cellule desdites actlvltes proteolytlques ccddes. 

7. Cellule de Bacillus selon rune quelconque des revendications pr&tedentes, caractdrisde en outre en ce que ladite 
mutation ou chacune desdites mutations comprend une ddtetion dans la region codante du gdne. 

8. Cellule de Bacillus selon I'une quelconque des revendications ptecddentes, comprenant en outre une mutation 
dans le g6ne lso-1 codant une protdase intracellulaire. ladite mutation entratnant ('inhibition de la production par 
ladite ceOule d'un produit du g&ne lsp-1 actff du point de vue proteolytique. 

9. Cellule de Bacillus selon I'une quelconque des revendications 1 & 7, carecteris6e en ce qu'elle contient en outre 
une mutation qui rdduit la capacity de ladite cellule & produire une ou plusieurs proteases dtpendantes de la 
sporulaiion. 

10. Cellule de Bacillus selon la revendication 9, caracterisde en outre en ce que ladlte mutation des proteases ddpen- 
dantes de la sporulation bloque la sporulaiion k un etade pr$coce mais n'dlimlne pas I'aptrtude de la cellule k fitre 
transfomtee par un ADN purifte. 

11. Cellule de Bacillus selon la revendication 10, caracteris6e en outre ence que ladite mutation de proteases ctepen- 
dantes de la sporulation est dans le g&ne spoOA. 

12. Cellule de Bacillus selon Tune quelconque des revendications prdcddentes, caracterisde en outre en ce qu'il s'agrt 
cfune cellule de Bacillus subtllis . 

13. Cellule de Bacillus seion I'une quelconque des revendications prdcddentes, caracterisge en ce qu'elle comprend 
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en outre un gene codant un polypeptide hetdrotogue. 

14* Cellule seton la revendication 13, caraderiseVen outre en ce que Jedit polypeptide h6t6rologue est me hormone, 
un vaccin, un protein anttvirale, une proline antitum rale, un antborps ou une protein de coagulation. 

5 . . _ . 

15. C llule salon la rev ndication 13, caracterisee en outre en ce que ledit polypeptide heterologue est un pesticide 
ou une enzyme. 

1$. Procede de production cfun polypeptide heterologue dans une cellule de Bacillus , caracterise en ce qu'il 
to comprend: ("introduction dans ladite cellule d'un gene codant (edit polypeptide heterotague, modifie pour etre 
expriroe dans ladite cellule, ladite cellule de Bacillus contenant dee mutations dans lee genee agr et ngr, et con- 
tenant en outre des mutations dans un ou plusieurs dee genes codant la protease Epr, RP-I ou RP-II, lesdites Epr, 
RP-i et RP-tl comprenant lee sequences d'acidea amines representees sur les figures 6, 10 et 1 4 respectivement, 
ou dee homologuee evolutbnnaires de celles-ci d'autree especes de Bacillus ayant une activity de protease, ladite 
is mutation entratnant Hnhibition de la production par ladite cellule de protease Epr, de RP-I ou de RP-II active du 
point de vue proteolytique. 

17. Procede seion la revendication 16, caracterise en ce qu'il comprend en outre une mutation dans le gene teg-1 
codant la protease intracelluiaire I, ladite mutation entratnant ('inhibition de la production par ladite cellule d'un 

so produit du gene isp--l actif du point de vue proteolytique. 

18. Proced6 salon les revendicatione 16 ou 17, caracterise en outre en ce que (edit polypeptide heterologue est nor- 
malement instable dans une cellule de Bacillus . 

£$ 19. ProcedS seton Tune quelconque des revendications 16, 17 ou 18, caracterise en outre en ce que ladite cellule est 
une cellule de Bacillus submits . 

20. Procede salon I'une quelconque des revendications 16 a 19, caracterise en outre en ce que ladite cellule contient 
en outre une mutation qui r$duft la capacite de ladite cellule a produire une ou plusieurs proteases dependants* 

30 de la sporulation, ladite mutation etant dans le gene spoQA. 

21. Procdde* seion I'une quelconque des revendications 16 a 20, caracterise^ en outre en ce que ledit polypeptide 
heterologue est une hormone, un vaccin, une prolelne antivirale, une proteme antitumorale, un anticorps, une 
proteine de coagulation, un pesticide ou une enzyme. 
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22. ADN purifie comprenant un gene epr de Bacillus , ledit gene codant la sequence d'acides amines de la figure 6 ou 
un homobgue evoluttonnaire de celle-ci cfautres especes de Bacillus , ayant une activite de protease. 

23. ADN purifie comprenant un gene de Bacillus codant RP-I, ledit gene codant la sequence d'acides amines de la 
40 figure 1 0 ou un homobgue evoluttonnaire de celie-cl d'autree especes de Bacillus , ayant une activite de protease. 

24. ADN purifie' comprenant un gene de Bacillus codant RP-II, ledit gene codant la sequence d'acides amines de la 
figure 1 4 ou un homologue evoluttonnaire de celle-cl d'autree especes de Bacillus, ayant une activity de protease. 

4S 25, Vecteur comprenant un gene jgpj de Bacillus ledit gene codant la sequence d'acides amines de la figure 6 ou un 
homologue evoluttonnaire de celle-ci d'autree especes de Bacillus , ayant une activite de protease, et un ADN 
regulateur aseocid de maniere active audit gene. 

26. Vecteur comprenant un gene de Bacillus codant RP-I, ledit gene codant la sequence d'acides amines de la figure 
so 10 ou un homobgue evoluttonnaire de ceHe-ci cfautres especes de Bacillus , ayant une activite* de protease, et un 

ADN rdgulateur aesoci6 de maniere active audit gene. 

27. Vecteur comprenant un gene de Bacillus codant RP-II, ledit gene codant la sequence d'acides amines de la figure 
14 ou un homologue dvolutionnaire de ceHe-ci d'autree especes de Bacillus , ayant une activite* de protease, et un 

& ADN regulateur associe de maniere active audit gene. 

28. Cellule de Bacillus transformee avec un vecteur seton I'une quelconque des revendications 25, 26 et 27. 
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29. Protease Epr de Bacillus eensfolement pure oomprenarrt (a sequence rf acWes amines de la figure 6 ou un homo- 
logue evolutbnnaire de celle-cl dfeutres especes de Bacillus, ayarrt une activity de protease. 

30. Protease residuelle I (RP-I) de Bacillus sensiblement pure comprenant la sequence tfacides amines de la figure 
10 ou un homology evolutionnair de celle-ci tfautres especes de Bacillus, ayant une activrte do protease. 

31 . Protease reskJueOe II (RP-II) de Bacillus sensibl ment pure comprenant la sequence d'acldes amines de la figure 
14 ou un homoJogue evolutionnaire de celle-ci d'autres especes de Bacillus , ayant une activfte de protease. 
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FIG. 1 
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FIG. 3 
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FIG. 6-1 

-446 ATCC6A6CTTATC6GCCCACTC6TTCCCAAACACACTC6CCATGAAATCA6CATACCCC 
G6AATCG6CAAGCTCGTTAAAATCAA6AA6ACA6ACCC6ATAATAATCA6CG6CAT6GT 
CAGGATAATCCGTCACGCAAAGCGCTGA6ATGCCGCTGCCCGGCAATTTTCCCGGCGAC 
A66CATTATTTTTTCCTCCATCACCCGA6T6AAT6TGCTCATCTTAAAAACCCCCTTTT 
CTCATTGCTTTGTGAACAACCTCC6CAAT6TTTTCTTTATCTTATTTTGAAAACGCTTA 
CAAATTCATTTSGAAAATTTCCTCTTCAT6CG6AAAAAATCTGCATTTTGCTAAACAAC 
CCTGCCCAT6AAAAATTTTTTCCTTCTTACTATTAATCTCTCTTTTTFTCTCC6ATATA 

TATATCAAACATCATAGAWfiSAWIfiMTC 
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6-2 

AGC GGG ATC TCC CCC CAC GAT GAC 
ser gly lie ser pro Ms asp asp 

TCA GCT GTC AGT TAT ACC TCT TCT 
ser a/a va/ ser tyr thr ser ser 

GGA ACA CAT GTC GCA GGG ATT ATC 
gly thr Ms va/ a/a g/y f/e f/e 

6GA ATT GAC GGC ATC GCA CCG GAA 
gly f/e asp gJy f/e a/a pro g/u 

GCG CTT GAT CAG AAC GGC TCG GGG 
a/a leu asp gin dsn gly ser gly 

GGA ATT GAC TGG TCG ATC GCA AAC 
gly lie asp trp ser f/e a /a asn 

AGC CTT GGC ACG ACG TCA GAC AGC 
ser leu gly thr thr ser asp ser 

AAC AAA GCA TAT GAA CAA GGT GTT 
asn lys a/a tyr g/u g/n gly val 

AAC GAC GGA AAC GGC AAG CCA GTG 
asn asp g/y asn g/y lys pro va/ 

AGT GTC GTT GCG GTT TCA GCA ACA 
ser va/ val a /a va/ ser a /a tnr 

TCC TTT TCA ACA ACT GGA GAT GAA 
ser piie ser thr thr gly asp g/u 

ACA AAC ATC ACA AGC ACT TAC TTA 

tnr wile ihr ser thr tyr leu 
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FIG. 6-3 



946 AAC CAS TAT TAT 
asn gin tyr tyr 

991 CAC GCC GCT 6CC 
Ms ala ala ala 

1036 GAG ACA AAC GTC 
glu thr asn val 
' M 

1081 GAT CTT GGT ACC 
asp hu gly thr 

1126 ATC CAG TAT AAA 
fie gin tyr lys 

lift GAG CAA GC6 GTG 
glu gin ala val 

1216 ATC AAC AAA GCG 
tie asn lys ala 

1261 GCC AAA ACT GCC 
a la lys thr ala 

1306 AGA AAT 6TA AAA) 
arg asn val /ysj 

13S1 TAT AAA ACA CAG 
tyr lys thr gin 

1396 AAG CT6 CCA AAC 
lys leu pro asn 
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asp gin val lys) 
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AGA CTG GAT AAA GTA 
arg leu asp lys val 

GAC AAA GTC GCA AAG 
asp lys val ala lys 

GAC ACA GCA CAA ACT 
asp thr ala gin thr 

AAA AAG AAC CTT CAA 
lys lys asn leu gin 
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GCA GAA AAA 

ala glu lys 

GCC ATC AAC 
ala He asn 

AAA CGC TTA 
lys arg leu 

AAA GAC AAA 
lys asp lys 
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FIG. 6-4 

I486 6TT 6CG AAA 6CG GAAJAAJSLAAA AA6 AAAJCA GAT GTG GAC AGC 
yaJ ala lys a/a glu lys ser lys lys lys thr asp val asp ser 

1531 GCA CAA TCA GCA ATT GGC AAG CTG CCT GCA AGT TCA GAA AAA ACG 
a/a gin ser a/a He gly lys leu pro a/a ser ser gh iys thr 
Pstt n 
1576 TCC CTG CAG AAA CGC CTT AAC AAA GTG AAG AGC ACC AAT TTG AAG 

ser leu gin lys arg feu asn iys val lyj ser thr asn leu lys 

1621 ACGlGCA CAG CAA TCC GTA TCT GCG GCT GAA AA6 AAA TCA ACT GAT 
thrula gin gin ser nl ser a/a a/a gh lys lys ser thr asp 

1666 GCA AAT GCG GCA AAA GCA CAA TCA GCC GTC AAT CAG CTT CAA GCA 
a/a asn a/a a/a lys a/a gin ser a/a val dsn gin leu gin ala 

1711 GGC AAG GAC AAA ACG GCA TTG CAA AAA CGG TTA GAC AAA GTG A/ 
gly lys asp Jys thr a la leu gin lys arg leu asp lys val lj 

1756 AAA AAG GTG GCG GCG GCT GAA GCA AAA AAA GTG GAA A(f GCA AAG 
iys lys val a/a a/a a/a glu a/a lys lys val glu C/jr a/a lys 

1801 GCA AAA GTG AAG AAA GCG GAA AAA GAC AAA ACA AAG AAA TCA AAG 
a/a lys va) lys lys a/a glu lys asp lys thr lys lys ser lys 

Psti 

1846 ACA TCC GCT CAG TCT GCA GTG AAT CAA TTA AAA GCA TCC AAT GAA 
thr ser a/a gin ser ala val asn gin leu lys ala ser asn glu 

1891 AAA ACA AAG CTG CAA AAA CGG CTG AAC GCC GTC AaK CCG AAA 
lys thr lys leu gin lys arg leu asn ala val lyj pro lys 

1936 AAG TAA C CAAAAACCTTTAAGA TTTGCATTCCAA 6TCTTAAA66TTTTT TT 
lys 



1994 CATTCTAA6A 
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5 6 7 8 9 l ° 
Position 2 3 * _ GTT _ GAT - 

5" - ACA - GAT - GGA - GTT - GAA - TGG AAT _ 

- Thr - Asp - Gly - val - Glu - TCP - Asn - val Asp 

U U " I! iL - AAA - GCT - TGG - GCT - TTA - 

CAA - ATT - GAT - GCT CCG - AAA GC _ _ 

Girt - He - Asp - Ala - Pro - Lys - Ala Trp 



21 22 23 24 25 26 27 28 

„», fipi - ACA - GGA - ACA - GTT - 3 
GGA - TAT - GAT - GGA ACA w _ 
Gly - Tyr - Asp - Gly - Thr - Gly - Thr V.l 

FIG. 8 
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FIG. 9 
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(B$U1, Sphl) 
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Pstl 



L 




6ikb 



The underlined portion is the approximate 
location of the RM gene on the Pstl 
fragment 



FIG, 13a 
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FIG. 10-1 

-199 iMCUACASAlMTlAWCCCATTlATTnMWGATniAlttTTTUTAUlAT 
GSAAATTUACSACAC6AAA(tACAATATCTCTAAnCAtAn(TCTACAtT?AAU 
lACA6CGATCTTCTCACAAACCATTCATTATTAAAAfi5AfiWACWCACTTTTTTU 
uAAfigAienftA iiucttttittm 

i\ ATS ACfi AM AM ACI AM AAC AlA CTC ATC ACC TCT CTT TTA AIT 
net iff J/i lyt c*f l/i im iff Iff fit iff iff wl lev iff 

46 ACA CTT 61C ATC AIT TCA CTS CTI TTT CCfi HA ft ICC CCA 
Mr ttt? #?e Iff Iff Iff Iff pit pff fl/ flf f?f ff|/ ill 

9) AGC AST AM CTC ACC TCA CCT TCT CTT AM AAC CAC CTT CM TCT 
ser iff lys nl tHr iff pff iff r* I l/l 1/1 flf If* fll Iff 

M CCfi CM TCC ATT CAA AAC AAC ATI TCI ACT TCA TTA AAC AAA AfcC 
ill flv Iff flf fin iii l/l Iff iff Iff iff Iff In 1/1 Iff 

131 UT AM MC AM CM AM ACI ACT TTT CTI ATT AM TTT AAJuSl 
pAe l/i l/i )/i flir l/i tkr tftf pftf Ittf fit l/i pfe (/i up 

226 CT6lCTAACCCACMAMICIfiCAAMSCIfiCTITTAMAMCCfi 
lev ill im pff flf 1/1 iff ill l/l f If III III \fi l/I ill 

2?1 AAA TCC AAC AAC CTI TCT ICC «T AM ACI IAA TAT CAA AAC CCT 

i/s iff l/i l/i li» iff ill tfi to t*> flf tyr fl« l/i iff 

316 TCT CCT ITT ITI TCA TCT TTA AAA CTC ACA ICC IAT CAA TCC CAC 

iff flf vil nl iff iff Iff m n) $r ili up flf ttr ffi 

3(1 CM WT 5TC aAAMTMniAACAttCAiAJUlCATAUCWAAT 
* l(i up w I iff Intyrlwmtir flf l/i #if l/i f 1/ m 

40( 6CA CAC CAA ATT CAT TCT TAT TAT ITI ITI AAC III ATT CCT ITT 
ill up pM 111 All iff tyr t/r Ml nl nf fl/ III ill vi I 

451 CAT ICC TCA AAA IAI ITT AH CM AAA CTI ITI CAC TTT CCC CAA 
All ill iff l/i ply nl fft flf l/i wl n I flf p*f pff flf 
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FIG. 10-2 

W GTG GAA AAC GTS CTT CCT AAT CAC AAA CCC CAC CTT TTT AAC TCA 
nl p/y lys yil lev pn m ply Jy* irp pto Iff pAt ly* nr 

SU TCC TCC CCA m AAT ATC AAA AAA CCA CAC AAA CCT ATT AAA CCA 
ser str pn pht m M |yi |yi ill pi* lys ill fit ly* ill 

SBS ACT OAC C6T CTC GAA TCC AAT CTA CAC CAA ATcIaT ICC CCA AAA 

t/»- hp glr yif glv trc iw wf t» gin fit up fit m \n 

S3] CCT TG6 CCA CTT CCA TAT CAT CCA ACT CCC ACC CTT Cn CCC TCC 

iff crp ill ,lfy rir trr i» rtr tfrr rtr tl>r rtl wf Hi nr 

671 ATT CAT ACC CCC GT6 6AA TCC AAT CAT CCC GCA TTA AAA CAC AAA 
iU np tor ply w J ply tfp iia «ff pn ill Jiv Jys ply l/s 

721 TAT CCC CCA TAT AAT CCC GAA AAT CCT AAT CAC CCT GAA AAT CAA 

tyr #rp q}y tyr no pro ply isa pn wa fly pn ply isa flcr 

7« ATC AAC TCC TAT CAT CCC CTA CCA CCC CAC CCA ACC CCT TAT CAT 
net isa trp tyr asp ill vil ill ply ply ill sir pn trr up 

611 GAT TTC CCT CAT CCA ACC CAC CTC ACA CCC ACC ATC 6TC CCC TCT 

up Uv ill hU gly tor M$ nl tor gly tor fit wl fly str 

53$ GAA CCT CAT CCA ACA AAT CAA ATC CCT CTA CCA CCT CCC CCA AAA 
pto pn up ply tor m pin fit jl/ vil ill pn ply ill lyi 

JO: TGC ATT CCT CTT AAA CCC TTC TCT CAA CAT CCC CCC ACT CAT CCT 
trp fit ili yil lyi ili pfti nr yjy up fly pi/ ttr up ill 

9<< CAC ATT TTC CAA CCT CCT CAA TCC CTT TTA CCA CCA AAC CAC ttt 
asp fli lev yly ill ply ply tip wl Uv ill pn lyi isp ill 

GAA CCA AAT CCC CAC CCC CAA ATC CCT CCT CAT CTT CTC AAT AAC 
ply ply isa pn *U pn pip ait ill pn lip w? vil isa isa 
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FIG. 10-3 



1036 1CA TCC CSA CCC CCC K1 CCA CT1 GAT CAA 166 TAC A6A GAC AT 6 
str trp pi/ to to str pi/ Iw up ffv trp t/r irp up »et 

1081 6TC AAT «CC T65 C6T TC6 6CC 6AT ATT TTC CCT GAG TTI ICA 6CG 
kiI M ill trp trp str ill UP Ho pw Pf* pl« P*f «r *l* 

U26 666 Ml AC6 CAT CTC 1TI An CCC 66C 666 CCT 661 TCI AK CCA 
ftp #W tor UP J« Pft» flf P" to to P'« P'/ " r iU [^ 

Mil AAT CCC CCA AAC TAT CCA 6AA TC6 TTT CCA ACT 66A GCG ACT 6A1 
tin prtth lift tyr pro p)v wr pAe ill tor pi/ all t/ir a*p 

1216 ATC AAT AAA. AAC CK CCT 6AC TTT TCT CTT CAA 666 CCA TC! CCA 
Ul un J/l l/i lev ill lip pftt iff lev pin p?/ pro srr pro 

1261 TAT (AT CAA ATA AA6 CCC CAA ATA TCT CCA CCC CCC CTT AAT ATT 
t/r up to fit l/i pro to tU «r ill pro ply wl im He 

1306 CCT TCA TCC 6TT CCC 66T CAC ACA TAT 6A6 6AT CCT TCC GAC CCC 
irp ur ttrn) pro pi/ plo tor t/r ply up to trp up ply 

1361 ACA TCA AT6 CCA 666 CC6 CAT 6TA TCC CCT 6TT CCT CCA CTG CT6 
tor ur fit ili.pl/ pro Ms ril ur ill vol ill ill lev leu 

1396 AAA CAC CCC AAT CCC TCA CTT TCT CTT CAT 6A6 AT6 CAC CAT ATA 
l/l plfl ill lift ill iff Jftf ur vil up plo flit pie up ile 

1441 TTA ACC A6C AC6 CCT CAA CCC CTC AC6 6AT TCA ACA TTT CCT CAT 
loo tor str tor ill ply pro Hu tor up lor tor pht pro up 

1486 TCA CCC AAT AAC CCA TAT 66C CAT 66T CTC 6T6 AAT CCT TTT GAT 
ur pro uo lift pi/ t/r to Ms to lie vil «» ill P** **p 

1S31 CCT CTA TCC (CT CTT ACA CAT CCA TTA 666 AAA CCC CAA CCA CAA 
ill Hi $or ill nl tor up to Uu to I/) ill to to to 

1576 CTT TCT CTA CAC CCC CAT CAC CAA CAC CCT CCT CTC TAT CAC CAT 
vil Ifc ft) plv to HP HP plfl Ple-Ptt P" "I t/r pin Ms 
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FIG. 10-4 



1621 


GAG AAA GTA ACT GAA 6CT TAT CM GST GGC 
plv I/i til Mr fiv ill tyr ply pi/ pl/ 


AGC 
itr 


CTA 
ley 


CCA 
pro 


CTG 
lev 


ACT 
Mr 


1656 


TTG ACA GCT GAA SAC AAT 6TG AST GTG ACA 
Uutkr ill ply up iia til ur til Mr 


TCT 
ur 


GTA 


AAG 
1/* 


CTG 
lev 


TCC 
jer 


1711 


TAC AAG CTT GAT CAA GGT GAA TGG ACA GAA 
t/r l/i tar up pin ply ply trp Mr plv 


ATA 
fie 


ACG 
Mr 


GCT 
ill 


AAA 
1/* 


CGA 


Vtt 


ATC AGC GGT GAT CAT CTA AAA GGA ACG TAT 
Hi sir 9?/ up Mi tar J/i p)/ tftr t/r 


CAG 
pin 


GCA 
ill 


GAG 
Pit/ 


ATC 

fie 


CCA 
pro 


1801 


GAT ATA AAA GGA ACT AAA CTA AGC TAT AAG 
up ft* lr* pl/ tip 1/* ft? itr ftr 1/j 


TGG 
trp 


ATG 
8it 


ATT 
IU 


CAC 
Ms 


CAT 
isp 


184$ 


TTT GGC GGT CAT CTC GTT TCG TCT 6AC GTA 
P*f f 1/ 9'/ M* Ml nl *ir itr up nl 


TAC 
J/r 


GAT 

up 


GTA 

Kll 


ACA 
Mr 


GTG 
nl 


1891 


AAA CCA AGC ATC ACG GCG GGA TAT AAG CAG 
l/i pry itr 1U Mr ill pl/ Or l/i pin 


GAC 
up 


TTT 
pfto 


GAA 
plu 


ACT 
Mr 


GCA 
l/i 


1936 


CCC GGC GGC TGG -GTT GCG AGC GGA ACA AAT 
pro pl/ pl/ trp til iU str pl/ Mr ua 


AAT 
IIA 


AAC 
ISA 


TGG 
trp 


6AA 
ply 


TGG 
trp 


1981 


GGA GTT CCG TCA ACT GGC CCA AAT ACA GCA 
p// til pro pir Mr p)/ pro ua Mr ill 


GCA 
Hi 


TCC 
nr 


GGA 
P// 


GAA 
ply 


AAA 
1/5 


2026 


GTA TAT GGA ACG AAT TTG ACA GAA ATT ATG 
Ml t/r 9)/ Mr ua tty thr pitr lit yet 


ca 

pro 


ACT 
Mr 


CAG 
pin 


CAA 
plfl 


ACA 
thr 



Wl TGA ACCTTGTTATGCCTCCTATTAAAGCACCTGATTCAGGAA6TCTGTTCCTTCAATT 
CM 

TAAAAGCTGGCACAA7TTA6AGGAT6ATTTTGATTACGGCTACGTTTTTGTTCTTCCGGA 
A6STGAAAAGAATTGG3AGCAGGCTGGTSTCTATACG6AAGCTCAA6CTGGACGGACGAG 
AATGTTATCG5CTTATAAG 
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1 2 3 
Val - Thr - Asn - Asp 
(4) (4) (2) (2) 
CTG -ACA - AAC - GAC - GTG 



5 0 7 8 9 10 

. L - vll - Phe - Asn - Asn - 11. - «» 

(2) (2> < 3 > (2) 
AAC - AAC - ATC - CAO 



<4> 



(2) 
TTT 



U 12 13 M 15 
Tyc - Trp -Ala - Asn - Gin 

<3> (1) (4) (2) (2) 

TAT - TGG - GCA - AAC - CAG - 3' 



FIG. 11a 
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123 4 5 « 7 8 g 1Q 
Ala - Thr - val - om - Leu - Ser - lie - Lys - T yr - Pro 

<?• <4) <*> < 2 > «> <« o) ti> l2) n> 

GCA - *ACA - GTT - CAA - CTT - TCA - ATC - AAA - TAT - CCG 



L " - 13 U 15 " " 18 1* 20 
Asn - Thr - Ser -<Cy S >-(Thr>- Tyr _ {oly) _ ^ _ Thr _ 

(2> U) (6) < 2 > <*> (2) (4) ( 2 , (4) * 
AAC - ACA - TCA - TGC - ACA - TAT - GGC - AAC - ACA - 



GGC 



21 22 23 24 25 

Phe - Leu - val - Asn - p ro 

<2) (6) (4) (2) (4) 

TTT - CTT - GTT - AAC - CCG - 3 



26 



27 28 
■(Thr)- Val 
(4) (4) 



29 

Val 

(4) 



30 

Thr 

(4) 



31 

Ala 

(4) 



FIG. lib 
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1 2 3 * _ 
Thr - Thr - Asn - Set 
(O (4) (2) (6) 



-5 

Sec 

(6) 



6- 1 - 8 
Sec - Pco - Val 
(6) (4) < 4 > 



9 10 
Gly - LSU 
(4) (6) 



11 12 
Ser - Sec 
(6) (6) 



13 

Sec 

(6) 



14 

val 

(4) 

3' 



15 U 17 18 19 *° 
- The - Gly - Phe - Pro - Cys - Asp 

(4) (4) (2) <*> < 2) U) 
_ TOT - CCG - AAA - GGC - ACG - CTG 



21 



22 23 ' 24 25 26 27 
lis - The - Phe - Gly - The - Met - Trp 

w (4> <» io._ c«. m ..u> 

TTT - TGT - AAA - CCG - TGT - TAC - ACC 



28 

Sec 
(6) 
5* 



29 30 
Asp - The 
(2) (O 



31 
Lys 

<2) 



32 33 34 35 36 
Pro - He - Asn - Sec - Acg 

(4) (3) <2> <*> < 6) 



FIG. 11c 
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FIG. 
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